Objectives-To examine the hypothesis that infants receiving a degraded auditory signal have more difficulty segmenting words from fluent speech if familiarized with the words presented in both speech and sign compared to familiarization with the words presented in speech only.
Introduction
The acquisition of language is a complex process for young infants. One of the earliest and most important tasks in language acquisition is the formation of a lexicon based on exposure to the native language 1 . Words enter the lexicon as meaningful units after being identified as distinct sound patterns, but this task is made infinitely more difficult by the fact that most speech directed to infants consists of words continuously strung together in sentences. 2 Despite this challenge, Jusczyk and Aslin 1 demonstrated that 7.5-month-old infants can recognize words in fluent speech. In this study, half the infants were familiarized with the words cup and dog, whereas the other half were familiarized with the words bike and feet. During a subsequent test phase, infants heard four randomly ordered six-sentence passages that each contained one of the target words (bike, cup, feet, or dog) in every sentence. Infants familiarized with the words cup and dog listened significantly longer to passages containing these two words during the test phase than to passages containing the two novel words bike and feet, whereas infants familiarized with the words bike and feet listened significantly longer to passages containing these two words than to passages containing the two novel words cup and dog.
These results provided compelling evidence that infants as young as 7.5 months could extract segments of auditory information from fluent speech that adults treat as words even if these infants had not yet attached meaning to these segments. This ability to segment word forms from fluent speech is a necessary precursor to the mapping of sounds to meaning. 2 This task is infinitely harder for hearing-impaired infants who receive consistently degraded auditory input. Every year, 12,000 babies are born with some level of permanent hearing loss. Although cochlear implantation prior to the age of 3 years has been associated with improved language outcomes in severely hearing-impaired (HI) children 3 , there are several factors that affect speech and language outcomes independent of variables such as age at implantation. One source of variability that contributes to the success and benefit with a cochlear implant is the nature of the early sensory and linguistic environment that deaf children are immersed in after receiving a cochlear implant 4 .
Children who use cochlear implants typically receive one of two predominant communication modes: oral communication (OC), in which children utilize auditory/oral skills and total communication (TC), in which children utilize simultaneous signed and spoken English. Oral communication methods can range from auditory-verbal therapy, in which auditory information is heavily emphasized and lipreading is discouraged, to cued speech, in which specific hand cues are used to supplement lip-reading information. Similarly, total communication can range from an emphasis on spoken English to equal emphasis on signed and spoken English, e.g. Signing Exact English, and finally to an emphasis on manual signs.
Numerous studies have reported that children with cochlear implants who are immersed in OC programs have better performance on a variety of spoken language measures than children who are enrolled in TC programs. Children who use OC have significantly better spoken word recognition scores and better expressive language and speech intelligibility skills than children who use TC [5] [6] [7] [8] . Interestingly, among children who use TC, those who rely more on speech than sign also have better speech perception and speech intelligibility skills than those who rely more on sign 9 .
One proposed explanation for this observation is that simultaneous communication methods used with TC children may result in competition between speech and manual communication for limited attention and processing resources in working memory, both of which are assumed to play major roles in language comprehension and word recognition tasks 10, 11 .
To examine competition between speech and manual communication for limited attention and processing resources, we hypothesized that infants receiving a degraded auditory signal would have more difficulty segmenting word forms from fluent speech if they were familiarized with the words presented in both speech and sign (as in a TC environment) compared to familiarization with the words presented in speech only (as in an OC environment). To test this hypothesis, we familiarized normal-hearing infants with words presented in background noise, which has often been used to simulate the degraded auditory signal received by hearing-impaired infants. These words were presented in either Speech only or Speech + Sign . We then examined the ability of both groups to segment these words from fluent speech. We predicted that the infants who were familiarized with words presented in the Speech + Sign condition would have more difficulty segmenting these words from fluent speech due to competition for a limited amount of working memory capacity and information processing skills.
Materials and Methods
Subjects 8.5-month-old normal-hearing infants were enrolled from the greater Indianapolis area with a goal of 10 infants successfully completing each condition for a total of 20 infants. All infants passed newborn hearing screens, were full-term deliveries and had no known developmental problems. Infants who had more than 3 ear infections in the last year or whose caregivers had concerns regarding their hearing underwent an audiogram. Caregivers were reimbursed $10 for participating in the study.
Stimuli-We video-recorded a native female speaker of American English who was also fluent in Signing Exact English producing four passages in an infant-directed manner. The passages were all six sentences in length, and were identical to those used in Jusczyk and Aslin, 1995 (Table 1) . Every sentence within each passage contained a common target word, i.e. cup, feet, dog or bike.
The speaker also produced versions of the isolated target words (cup, dog, feet and bike) to be used in the familiarization phase of the experiment; as in Jusczyk and Aslin (1995) , the each target word was repeated with some variation 15 times in a row. In addition, the speaker was instructed to produce each list of words in two conditions: a Speech + Sign condition, in which the speaker simultaneously spoke and signed, and a Speech Only condition, in which the speaker spoke with her hands visibly placed across her chest (see Figure 1 ). The videos were then edited in Final Cut Pro (Apple Inc., Cupertino, CA) and background multi-talker babble was inserted into all 8 word list videos at a −10 dB signalto-noise ratio to simulate the more impoverished auditory signal a hearing-impaired child receives.
We used two additional stimuli in this experiment -a silent video of a smiling infant was used as an attention getter before each trial, and a computer-graphic animation consisting of a looming geometric shape paired with a sequence of short, varying tones was used to gauge infants' general attention level before and after the experiment.
Apparatus-Infants were tested in a custom-designed double-walled Industrial Acoustics Company sound booth. Infants sat on their caregivers' laps approximately 5' in front of a 55" widescreen television monitor. To minimize bias, all caregivers wore earplugs and headphones over which a mixture of music and concatenated stimuli from other experiments was played. Visual stimuli were presented at the center of the television monitor at the approximate eye level of the infants. Auditory stimuli were presented through the left and right loudspeakers of the TV monitor between 60-70 dB SPL. A concealed video camera located above the television monitor operated by one experimenter allowed a second experimenter to monitor the infants' looking responses through a closed-circuit television from a separate control booth. This second experimenter, who was blinded to the stimuli being presented, controlled the experiment using the Habit software package 12 on a Macintosh® G5 desktop computer (see Figure 1 ).
Procedure-Infants' looking times to the videos were coded using the Habit software program 12 .The experiment consisted of a familiarization phase and an infant-controlled test phase. In the familiarization phase, infants received the target word lists in either the Speech + Sign condition or the Speech Only condition (see Figure 2 ). Half of the infants in each condition heard the words cup and dog, and the other half heard the words feet and bike. Each word list was presented three times in alternating order, for a total of six familiarization trials of 10 sec each. Between each trial, the attention getter was used to elicit the infant's visual attention before the next trial was initiated. In the test phase, all four passages were presented using an infant-controlled visual preference procedure. Order of presentation of passages was randomized across infants. Prior to each trial, infants' visual attention was elicited by presenting the attention getter. The trial was then initiated by the experimenter and continued until the infants looked away from the video display for longer than 1 sec or until a maximum trial length of 30 sec was reached. Infants' total looking times to the video display for each trial were calculated. Immediately before and after the experiment, infants' alertness was assessed with the looming computer-graphic animation described above.
Results
To ensure that infants had sufficient exposure to the words, any infant who did not look for a total of 55 seconds during the learning phase (out of a possible 60 seconds) was not included in the analysis. This criterion was used to ensure a similar duration of exposure to the words in the familiarization phase as the infants tested in Jusczyk and Aslin's original study (who received at least 30 seconds of familiarization to each word in a modified head-turn preference procedure).
A total of 10 infants in each condition successfully completed testing, for a total of 20 infants. Infants in the Speech + Sign condition had an average age of 8.5 months (range 7.0-9.5, S.D. = 1.00) and infants in the Speech Only condition had an average age of 8.4 months (range 7.1-9.5, S.D = .93).
Mean looking times for the familiar and non-familiar word passages were calculated for infants in the Speech + Sign condition and the Speech Only condition. One-tailed paired ttests were performed to assess for significant differences in mean looking times for familiar and non-familiar word passages (Figure 3 ).
Infants exposed to the Speech + Sign condition looked at the familiar words for a total of 15.3 seconds and at the non-familiar words for a total of 15.6 seconds, t(9) = −.130, p = .45.
Infants exposed to the Speech Only condition looked at the familiar words for a total of 20.9 seconds and to the non-familiar words for a total of 15.9 seconds. This difference was statistically significant, t(9) = 2.076, p =.03.
Discussion
Numerous studies have reported that children with cochlear implants who are immersed in OC programs do much better on a range of oral language tasks than their counterparts enrolled in TC programs (see Introduction). Tests assessing speech feature discrimination, comprehension, spoken word recognition, receptive and expressive language, and speech intelligibility all consistently show that children in OC programs do much better than children in TC programs. One proposed mechanism for the poorer performance of TC children is competition between speech and manual communication for controlled attention and limited processing resources in working memory, both of which are assumed to play major roles in language comprehension and spoken word recognition 10 .
To examine this possibility, we assessed the ability of 8.5-month-old infants to segment words from fluent speech after exposure to these words in background noise. The current study demonstrates that 8.5-month-old infants familiarized with words in background noise are able to segment these words from fluent speech when they are familiarized in a speechonly condition, whereas they are unable to do so if they were familiarized with a simultaneous speech and sign condition.
There may be several reasons for the inability of infants familiarized with simultaneous speech and sign to segment these words from speech. Under simultaneous communication methods, speech and sign do not specify the same gestures and common underlying articulatory events of the talker. Information from the two sensory channels cannot be integrated quickly in the same way as it is when a listener simultaneously sees the talker's lips and hears speech under cross-modal, audiovisual presentation conditions. Moreover, because the child is looking at the talker's hands rather than his or her face, reliable lipreading cues may not be readily available to provide additional complementary phonetic information about the speech signal that is coded in the visual display of the talker's face. Thus, little facilitation or enhancement can be gained from the manual visual input; if anything, substantial competition and even inhibition effects resulting from two divergent input signals may occur. 11 The findings in the current study suggest that a decreased ability to segment words from fluent speech may be a contributing factor towards the poorer performance of TC children on a wide range of outcome measures. However, any such extrapolation from the current study should be qualified by the fact that although an attempt was made to simulate a degraded auditory signal by presenting the words in background noise, only normal hearing infants were tested in this experiment. It is uncertain if similar findings would be replicated in children with hearing aids or cochlear implants, whose audiovisual speech perception skills are influenced by hearing impairment and for whom auditory experience plays a role in audiovisual speech perception. 13 Additionally, we were unable to assess whether infants' visual attention was divided between the speakers face and the hand gestures. Examining infant visual attention with an eyetracker system may provide further insight into differences in visual attention to speakers in speech only versus simultaneous speech and sign communication environments.
In addition, this study does not suggest that hearing-impaired infants cannot benefit from TC educational environments. Rather, this study suggests that one underlying factor for the observed difference in speech and language outcomes between TC and OC is a diminished ability to segment words from fluent speech in a degraded auditory environment.
Finally, the use of signing to support pre-speech language development has been popularized as a vehicle for parental support of pre-speech language development. The studies supporting the use of 'baby sign language' were performed in hearing children of hearing parents who were exposed to symbolic gestures, not as a complete language system but as a symbolic and linguistic auxiliary to oral language 14 . While the data supporting the use of 'baby sign language' are equivocal, the current study neither supports nor refutes its use 15 . Rather, the current study examines the possible competitive effects of sign on infant attention and learning in an impoverished auditory environment similar to that of a hearingimpaired infant.
Conclusion
In conclusion, we found that the ability of 8.5-month-old infants to segment words from fluent speech after prior exposure to these words presented in background noise was affected by the presence of simultaneous manual communication. We propose that the competition between speech and manual communication for limited processing resources as well as the inability to integrate cross-modal redundant facial cues for speech processing are the factors that explain these findings. Similarly, these factors may partially explain previously reported disparities between the performance of children with cochlear implants in TC and OC programs across a wide range of outcome measures. Future experiments in children with hearing impairment as well as eye-tracking studies may provide further insight on this issue.
